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(54) STEEL PLATES FOR DRUM CANS, METHOD OF MANUFACTURING THE SAME, AND DRUM 
CAN 

(57) Newly developed were steel sheets for drums, 
which specifically have an N content falling between 
0.0050 and 0.0200 % by weight with increased solute N 
therein, and have an Nb content falling between 0.003 
and 0.10 % by weight, and in which the grains are fine 
and have a small mean grain size. The steel sheets for 
drums are characterized by having higher mechanical 
strength at room temperature and even at high temper- 
atures than conventional drum sheets, and having bet- 
ter low-temperature toughness than the latter. As a 
result, newly provided were thinner and more light- 
weight drums than conventional ones, and the fre- 
quency of recycling the drums is higher than that of 
recycling conventional drums. Also proposed herein are 
methods for surely producing the steel sheets. 
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Description 

TECHNICAL FIELD 
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52 ttXSESlB^^ 

composed of a disc-like top board to be a IW a dSite k«: 1" J^ 86 ™ are made «* «eel sheets, and each 
a cyiindrical body tnu^^^^^^^ to ^ a and a body board to bi formed^ 
of the cylindrical bodySough ^^^2^k^JS ^1 * Um - a ^ board only is bonded to one end 
drum is a closed conLner. for wh^a top S ^££!X£E!? ? 0lher ^ ^ *•* 
through seaming. The "seaming- as r^KSThS SSS to 106 both ends of the cylindrical body 

one sheet is put on one end of aWSeet a^ZlIST "^T 9 *""° ,M which one endS 

to be bonded together. DeperKJinTo^^^^ 

seaming-, triple-seaming-*! *T * ""^ * *" 8eam,n9 ^ are different types of "doubT 

good dimension accuracy and souXefoir* and / Substances to *» the drums are required to meet 

strength. This is because" ^^SSS^i^ *«^**-«** requiS to have^ 
so, not only the deformed drums areT^^uo in Z^ZflZ *ey are transported « 

sons, an airtightness test (hydraulic tes^ad^ 
[0004] Astherraterialsforthetopboa^ 

steel sheets (steel strips) as stipuTat^ fi^T^^^t^^ h »"** 

3141 have heretofore been used, Concretely, ^miSSZ^J^S^f^ h * G 

essed in a "box annealing line" or in a •cortihuoSa^nSfoo 25 ^<^on aluminium killed steel as proc- 

from 0.O5 to 0.10 % by weight Mn ^^o^^Z £j 2? - * 6 ^ COr ^' Se8 C * 

to0.06%byweigm.ar«JN^^^^^^ 

stress (YS) of around 225 MPa a tensile ZZS^rZl L 9 81691 sheete are characterized by having ah yield 
™ch used anywhere, the steel sheeted 

drums, but the frequency of using hoV-rSS USSSL tilTL ^ !^ 6 ' *» * «*» thick 

for them. 9 0, ™ ,ea 5,661 sheete ** drum s is lower than that of u^r« cdld-rdled steel sheete 

ordinarydrums. For mis. It \S^tlSSSS^Sll2!!f T "* *" 8h66temusibe corrpar^e to S 
abee* However, for irweasi^^ 

(1) Improvement in "seamabiiity" of steel sheets: 
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the seaming steps in producing drumT " 9 " 68 *»hout increasing the number of 
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(2) Improvement in "strength at high temperatures (hereinafter, high-temperature strength)" of steel sheets: 

[0007] In general, drums are not scrapped after having been used only once, but shall be used repeatedly many times 
in the same or different uses. Specifically, drums having been once filled with contents are, after their use, washed to 

5 clean their inside, and are repeatedly used 4 or 5 times on average. In recycling used drums, the deposits on their inside 
and the coating on their outer surface mud be completely removed. To remove them, in general, used drums are shot- 
blasted. While being shot-blasted, drums are often deformed as a large number of steel balls and the like collide against 
the steel walls of the drums at a high speed. Too much deformed drums could not be stacked up. and could not be recy- 
cled. Therefore, the degree of deforming of drums is one factor that determines as to whether or not the drums are recy- 

io clable and how many times they are recyclable (hereinafter, recyclability). As a result of the present inventors' 
experiments, it has been found that the deformation of drums owing to shot-blasting could not be prevented even when 
the strength at room temperature (hereinafter, room-temperature strength) of the steel sheets for drums is increased. 
This is because, prior to shot-Wasting, the contents of drums are removed through incineration, for which drums are 
heated at about 800°C (hereinafter, incineration). In that case, drums are often shot-blasted before being completely 

75 cooled. For these reasons, in addition to the reduced deformability of drums in shot-blasting at room temperature, the 
reduced deformability thereof under heat at high temperatures and even that in shot-blasting during the subsequent 
cooling step are important factors for the recyclability of drums. Specifically, the steel sheets for drums must have high 
strength even the drums are within a temperature range falling between 300 and 600°C or so. 

20 (3) Security for low-temperature toughness: 

[0008] Heretofore, drums have not been produced on condition that their low-temperature characteristics are on a 
satisfactory level. Recently, however, drums have been being much used in plants that require a low temperature of - 
40°C or in coldest districts. Therefore, drums are now required not to leak the contents in the drop test at low tempera- 

25 tures. For this, steel sheets for drums must have good low-temperature toughness, especially even after having been 
seamed. In general, high toughness of steel sheets is contradictory to high strength thereof. 
[0009] At present, the problems of the above-mentioned (1) to (3) are not still solved even by steel sheets for drums 
that have been improved to have high strength according to known means. For example, for increasing the strength of 
steel sheets, known are various means of solute enhancement to be attained by addition of an increased amount of 

30 alloy elements to steel, working enhancement (see JP-A-56-77039), precipitation hardening, etc. However, all these 
means are effective in increasing the room-temperature strength of steel sheets in some degree, but rather lower the 
low-temperature toughness and the ductility thereof and even worsen the "seamability" thereof. In addition, it is difficult 
to ensure satisfactory high-temperature strength of steel sheets according to those means. 
[0010] Also known is a reinforcing method for steel sheets, which comprises heat-treating a steel sheet to thereby 

35 change the metallographic structure of the sheet and by which the crystal grains constituting the sheet are made fine 
or precipitate products (bainite, etc.) having been transformed at relatively low temperatures are formed in the sheet. 
However, even the steel sheets and the drums having been processed according to the reinforcing method are often 
deteriorated and their strength or toughness is lowered while the steel sheets are welded together or while the contents 
of the drums are incinerated. 

40 [001 1 ] As mentioned hereinabove, steel sheets that satisfy all the necessary requirements for drums have not been 
developed as yet. At present, therefore, satisfactorily thin drums could not be produced. Given that situation, the object 
of the present invention is to provide steel sheets for drums that are thinner and more lightweight and have higher high- 
temperature strength and low-temperature toughness than conventional ones, and a method for producing than, and 
also to provide drums of such steel sheets that are recyclable many times repeatedly. The steel sheets for drums are 

45 required to have a tensile strength (TS) at room temperature (25°C) of at least 370 MPa, preferably at least 41 0 MPa, 
and a degree of elongation of at least 35 %. 

DISCLOSURE OF THE INVENTION 

so [001 2] In order to attain the object noted above, we, the present inventors have assiduously studied the composition 
of steel sheets for drums, and the characteristics thereof and the production method for them. As a result, we have 
noted two different means for solving the outstanding problems, and have conf irmed that the both two are effective for 
attaining the object. Based on these, we have completed the present invention. 

[001 3] One technical idea (hereinafter, the first technical idea) of the inventors is based on the following finding: When 
55 a steel sheet which exhibits a relatively low strength while it is formed into drums and of which the strength is expected 
to significantly increase in the subsequent coating or baking step is used as the material for forming drums, then it sat- 
isfies the two requirements of excellent drum formability and increased strength of drums to be formed. The means for 
embodying this technical idea comprises positively forming solute N in steel, without being based on the conventional 
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[0014J Specifically, the invention based on th*^*^ 

which is characterized by containing^^ thefrst technical idea is a steal sheet to be used as the material for drums, 

n *u*~ * ~„ . ... ' 



G of from 0.01 to 0.10 % by weight 
Si of from 0.01 to 0.20 % by weight, 
Mn of from 0.05 to 1 .0 % by weight 
P of at most 0.04 % by weight, 
S of at most 0.03 % by weight, 
Al of from 0.001 to 0.150 % by weight, and 
^ from 0.0050 to 0.0200 % by weight 



20 



25 



30 



j2E* e ^ ance * inewtable impurities. 
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PMM 7J- Relating to the production of those steel sheet* fh-in^ 
drums, which comprises hot-rolling a stee, stofa^ 



C of from 0.01 to 0.10 % by weight 
Si of from 0.01 to 0.20 % by weight 
Mn of fiom 0.05 to 1.0 % by weight 
P of at most 0.04 % by weight, 
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°f from 0.0050 to 0.0200 % by weight 
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C of from 0.01 to 0.10 % by weight 
Si of from 0.01 to 0.20 % by weight 
Mn of from 0.05 to 1.0 % by weight 
P of at most 0.04 % by weight, 
S of at most 0.01 % by weight 
Al of from 0.001 to 0.150 % by weight, 
N of at most 0.0050 % by weight, and 
Nb of from 0.003 to 0. 10 % by weight 

™* the balance of Fe and inevitable impurities 
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[0022J In addition, the invention is also a steel sheet for drums, which is a cold-rolled steel sheet. 

[0023] Relating to the production of those steel sheets based on the second technical idea, the invention provides a 

method for producing steel sheets for drums, which comprises hot-rolling a steel slab of a composition that contains: 

5 C of from 0.01 to 0.10 % by weight, 

Si of from 0.01 to 0.20 % by weight, 

Mn of from 0.05 to 1 .0 % by weight, 

P of at most 0.04 % by weight, 

S of at most 0.01 % by weight, 
10 Al of from 0.001 to 0.1 50 % by weight 

N of at most 0.0050 % by weight, and 

Nb of from 0.003 to 0. 1 0 % by weight, 

with the balance of Fe and inevitable impurities, at a finishing delivery temperature of not lower than 750°C, then cooling 
15 it in an accelerated cooling manner within 2 seconds after the f inish of the hot-rolling, and thereafter coiling it at a coiling 
temperature of not higher than 700°C. 

[0024] The method for producing steel sheets for drums of the invention noted above may further comprise washing 
the resulting steel sheet with acid, cold-rolling it after the acid washing, annealing it at a temperature not lower than the 
recrystallization temperature of the sheet and temper-rolling it. 
20 [0025] The drum of the invention is composed of a cylindrical body plate, and a top board to be a lid and a base board 
to be a bottom that are fitted to the ends of the body plate and are in the form of a disc, and this drum is characterized 
in that one or more of the body plate, the top board and the base board are made of any of the steel sheets for drums 
mentioned above. 

25 BEST MODES FOR CARRYING OUT THE INVENTION 

[0026] First described is the chemical composition of the steel sheet for drums of the invention. For this, the elements 
common to both the steel sheet based on the first technical idea and that based on the second technical idea are 
described in the former part, while those not common to them are in the latter part 

30 

C: from 0.01 to 0.10 % by weight 

[0027] C is in the matrix iron as solute C, and enhances the strength of steel sheets. However, if its amount is larger 
than 0.10 % by weight, too much C will form a large amount of carbide precipitates and will lower the ductility of steel 

35 sheets. In addition, when steel sheets containing too much C are welded, the welded part will be too much hardened. 
When the welded part thus having been too much hardened is in the flanges of drums, the flanges are much cracked. 
For these reasons, in the invention, the uppermost limit of the C content is defined to be 0. 1 0 % by weight in view of the 
formability of the steel sheet. Fa better formability of the steel sheet the C content is preferably at most 0.08 % by 
weight If, on the other hand, the C content is lower than 0.01 % by weight, the strength (at room temperature and at 

40 high temperatures) of the steel sheet is greatly lowered, and the steel sheet could not ensure the intended strength. If 
so, in addition, the strength of the welded part of the sheets is also lowered. For these reasons, the lowermost limit of 
the C content in the invention is 0.01 % by weight. 

Si: from 0.01 0 to 0.20 % by weight 

45 

[0028] Si is useful as an element for reinforcing steel sheets. In order to effectively exhibit its effect Si must be in steel 
sheets in an amount of at least 0.01 % by weight. However, if too much Si is therein, hot-rolling and cold-rolling of the 
steel sheets will be difficult In addition, the surface processabilrty (especially, the chemical processability) and also the 
corrosion resistance of the steel sheets will be poor. If much more Si is therein, the welded part of the steel sheets is 
so too much hardened, and is undesirable. For these reasons, the uppermost limit of the Si content in the invention is 0.20 
% by weight. Especially for drums to be used for corrosion resistance, the Si content is preferably at most 0.10 % by 
weight 

Mn: from 0.05 to 1 .0 % by weight 

55 

[0029] Mn is an element for preventing thermal cracking of steel sheets to be caused by S, and its content shall vary 
depencfing on the S content of steel sheets. In addition. Mn has the metallographic effect to make the grains in steel 
sheets fine. Therefore, it is desirable that the Mn content is at least 0.05 % by weight However, too much Mn will worsen 
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b% (including ductility, bendabi% btrSSSo^S n0n " me,al,ic and it lowers the worka- 
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tent of the steel sheet must be at least 0.0050 % by w^Tor m ^u * S0lu,10n hardening". For this, the N con- 
duce many defects (btow hoies. etc.) inside \e ^Z^n^Z^ ™* N — 0.0200 % J weight 
cast the cast steel slabs are often cracked. For these «2f «I » * Wt,on \ wnen melt containing too much N fe 
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for example, to prevent the steel sheels as^odSundt 21 °^ to ***** *• ^thestS sheet 

■ncrease the production yield of the steel Z^^ JT m condifcons from having different properties?^ 
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sheet and even the workability of the wXTd^^ 

was formed into cylindrical bodies for drums thro^i™^ 

of the welded part was found. The solute N as retSL 9> in the degree of hardness 

^ids^utfonbutnotin^^ 

bacbng the value as obtained through "precipitate N anaS n ^f^ rtertrtrtee,TOybeob ^ n «* by sub- 
total N content of the steel sample. m brom,de ester dissolution of a steel sample, from the 
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N in the steel sheet based on the second technical idea: at most 0.0050 % by weight 

[0036] To the steel sheet, solid solution reinforcement with N is not directed. Therefore, it is unnecessary to specifi- 
cally increase the N content of the steel sheet. Too much N in the steel sheet will rather interfere with the property- 

5 improving effect of Nb therein. In addition, when steel melt containing too much N is cast, the cast steel slabs are often 
cracked. For these reasons, the N content is desirably as small as possible. However, as a result of the inventors' exper- 
iment it has been found that the N content of up to 0.0050 % by weight is allowable. Therefore, the uppermost limit of 
the N content is herein 0.0050 % by weight. For drums having higher strength and for steel sheets having higher low- 
temperature toughness, the N content is preferably at most 0.0040 % by weight. 

10 [0037] In the steel sheet based on the second technical idea additionally contains Nb and Ti in place of the solute N 
noted above. The reasons for defining the amounts of those additional elements are mentioned below. 

Nb: from 0.003 to 0. 1 0 % by weight 

15 [0038] Even when existing only in a minor amount Nb exhibits its metallographic effect to make the grains in steel 
fine (concretely, to make the grains in the ferrite phase in steel fine). Thus, Nb in the steel sheet of the invention signif- 
icantly increases the strength of the steel, and improve the low-temperature toughness of the "seamed" part of the steel 
sheet In addition, it is further effective in preventing the grains in so-called "seam-welded parts" of drum bodies from 
growing to be coarse grains. In forming drums, a top board and a base board are bonded to the ends of a seam-welded 

20 body through seaming , and flanges are previously formed around the parts of the body to be seamed with those boards. 
In this dnjm-forming process, the fine grains as formed in the steel sheet in the presence of Nb act effectively.for pre- 
venting the sheet from being cracked while the flanges are formed around the body of the sheet. In addition, the pres- 
ence of such a minor amount of Nb in steel increases the strength of the steel sheet within a temperature range falling 
between 300 and 600°C, and increases the high-temperature creep strength and even the high-temperature pressure 

25 resistance of the drums made of the steel sheet. Moreover, in the process of producing the steel sheet comprising coil- 
ing up the rolled steel strip, the Nb carbides formed further enhance the strength of the coiled sheet through so-called 
"precipitation hardening". Therefore. Nb in steel is effective for increasing the strength of the steel sheet especially for 
elevating the yield stress thereof. Nb in steel exhibits its effect as above, when its amount is at least 0.003 % by weight. 
Therefore, in the invention, the lowermost limit of Nb in the steel sheet is defined to be 0.003 % by weight On the other 

30 hand, however, if the Nb content is larger than 0.10 % by weight, thermal deformation resistance of the steel sheet 
increases, whereby hot-rolling of the sheet will be somewhat difficult For these reasons, in the invention, the uppermost 
limit of the Nb content is defined to be up to 0.10 % by weight For further facilitating the production of the steel sheet 
and for preventing the increase in the deformation resistance of the steel sheet, the Nb content is more preferably from 
0.003 to 0.030% by weight. 

35 

Ti: from 0.005 to 0. 1 0 % by weight 

[0039] Ti is effective for preventing steel slabs to be rolled from being cracked. The steel sheet based on the second 
technical idea may optionally contain Ti. Ti exhibits its effect when it is in the steel sheet in an amount of at least 0.005. 
40 % by weight. On the other hand, however, if the TI content is larger than 0.10 % by weight the formability of the seam- 
welded part of the steel sheet into drums will be somewhat poor. In particular, too much Ti in the steel sheet will interfere 
with sound "seaming" of the sheet into drums. For these reasons, in the invention, the Ti content is defined to fall 
between 0.005 and 0.10 % by weight. 

[0040] The other elements in the steel sheets based on the first and second technical ideas are Fe and inevitable 
45 impurities. For the elements corresponding to the inevitable impurities, it is desirable that Cu is limited to at most 0.2 % 
by weight, Ni to at most 02 % by weight Cr to at most 0.2 % by weight and Mo to at most 0.2 % by weight This is 
because these elements may increase the strength of the steel sheets, but often greatly lower the weldabilHy of the 
steel sheets, and the workability and the chemical processability of the welded parts of the sheets. 
[0041 ] The steel sheets for drums of the invention may be any of so-called "hot-rolled sheets" which are produced by 
so hot-rolling steel slabs, or so-called "cold-rolled sheets" which are produced by further cold-rolling the hot-rolled sheets, 
provided that they satisfy the chemical composition noted above. Therefore, in consideration of the different technical 
ideas to be the basis of the invention, the invention basically encompasses four different types of steel sheets. Where 
the steel sheets are further differentiated in accordance with the different treatments (for example, acid-washing, tem- 
per-rolling, eta), to be applied to them while they are produced, they are grouped into six different types in total. Now, 
55 methods for producing the steel sheets for drums of the invention are mentioned below. 

[0042] There are two basic flowcharts for producing them. One comprises a step of preparing steel slabs -> a step of 
reheating the steel slabs -> a step of hot-rolling the steel slabs a step of cooling the hot-rolled sheets in an acceler- 
ated cooling manner -> a step of coiling the sheets; and the other comprises a step of preparing steel slabs -> a step 
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Step of hot-rolling steel slab: 
[0047] 
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result the surface soundness of the sheets is lowered hZ\^1^ ^ "any defects caused by the scale As a 
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Accelerated cooling step: 

a fine metallography structure In edd^^^^^^^^a^ated cooling makes the sheKhS 
AJN preaprtation will be promoted by rolling sC^^^S^ the trolled steel sheets, thought 
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f^^^ySO-Cfeec or higher. RegaXg^s^t^ T?** 0008,19 medium . and the cooling 
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of so-called "mill scale" that may be formed on the hot-rolled sheets to at most 5 jim or lower, H is even more desirable 
that the accelerated cooling is started within 0.5 seconds after the finish of the hot-rolling. The component of the mill 
scale is iron oxide, which will be mentioned hereinunder. 

s Step of coiling steel strip: 

[0052] In producing the steel sheet (having N solute existing therein) according to the first technical idea, the cooled 
steel strip is coiled at a temperature not higher than 680°C. This is because, in the coiling step, the hot-rolled steel sheet 
well keeps the desired amount of solute N therein, and, even after cold-rolled, the sheet still keeps the solute N content 

io of not smaller than 0.001 0 % by weight. Oh the other hand, in producing the steel sheet (containing Nb therein) accord- 
ing to the second technical idea, the coiling temperature is to be 700°C or lower. This is because, if the coiling temper- 
ature is higher than 700°C, the grains in the metallographic structure of the hot-rolled steel sheet will grow to be coarse 
grains. In addition, if so, the grains will more abnormally grow due to the uneven strain as inevitably formed In the sheet 
just after the sheet is coiled, by which the surface properties of the sheet will be much worsened. 

15 [0053] However, if the coiling temperature is lower than 400°C in both cases, the shape of the sheet will be bad, and 
the hardness of the sheet will be uneven in the transverse direction of the sheet As a result, the shape of the drums as 
made from the steel sheet will be not good, and the function of the drums will be poor. For these reasons, it is desirable 
that the coiling temperature for the steel sheet based on the first technical idea falls between 400 and 680°C and that 
for the steel sheet based on the second technical idea falls between 400 and 700°C: In order that the thickness of the 

20 mill scale in the mill scale-coated, hot-rolled sheet ts at most 5 pm. it is desirable that the coiling temperature is low, or 
that is, 600°C or lower. 

[0054] The hot-rolled steel sheet as produced according to the process comprising the above-mentioned steps in that 
order is used for producing drums in the invention. Specifically, just after having been rolled and still having the "mill 
scale", the sheet of the invention can be directly used for producing drums. Even when the steel sheet is used as it is 
25 without being further processed, the drums made of it have a fine iron oxide phase (mill scale) on their inner surface, 
and the corrosion resistance and the abrasion resistance of the steel sheet are both good. 

[0055] Regarding the composition of the mill scale, it is desirable that the mill scale is in the form of a film containing 
magnetite in an amount of at least 80 % by volume. The amount of magnetite therein may be so controlled as to fall the 
desired range, by controlling the temperature of the steel strip being coiled and by conditioning the atmosphere in the 

30 coiling step to thereby promote the transformation of wustite into magnetite on the surface of the strip. If the magnetite 
content is smaller than 80 %, the mill scale formed will easily peel off, and the steel sheet having such mill scale is not 
suitable to drums. If the thickness of the mill scale is larger than 5 \im such thick mill scale will also easily peel off. There- 
fore, it is desirable that the thickness of the mill scale is at most 5 pm. If desired, the hot-rolled steel sheet of the inven- 
tion may be used, after the mill scale is removed therefrom. To remove the mill scale, the sheet may be washed with 

35 acid. The thickness of the mill scale may be obtained as follows: A sample of the steel sheet having a predetermined 
surface area is prepared, and this is washed with hydrochloric acid containing an inhibitor that acts to prevent the dis- 
solution of the base steel by the acid, thereby removing the scale layer from the surface of the sample. The difference 
in the weight of the sample is obtained by subtracting the weight of the washed sample from that of the original sample, 
and this is divided by the surface area and the specific gravity of the sample to obtain the thickness of the mill scale. 

40 

Step of washing hot-rolled steel sheet with acid: 

[0056] For washing the hot-rolled steel sheet with acid, any specific condition is not defined. The steel sheet may be 
washed with any acid in any condition in which the scale can be removed from the surface of the sheet. Therefore, any 
45 ordinary method for washing steel sheets with acid is employable herein. For example, the surface scale may be 
removed with an acid, such as hydrochloric acid, sulfuric acid or the like. It is desirable that the acid-washed steel sheet 
is coated with oil so as to prevent the sheet from rusting. The hot-rolled steel sheet thus washed with acid to remove its 
scale is generally temper-rolled, for example, in the manner to be mentioned below. 

so Temper-rolling step for hot-rolled steel sheet: 

[0057] The coiled, hot-rolled steel sheet may be temper-rolled, prior to being formed into drums. The temper-rolling 
of the hot-rolled steel sheet is effected for the purpose of dismissing or reducing the yield point elongation of the steel 
sheet, and for the purpose of controlling the surface roughness of the sheet and of improving the shape of the sheet 
55 (for example, for reducing edge elongation, belly elongation, etc.). In trie invention, it is desirable that the temper-rolling 
reduction ratio is at most 5 %. If the reduction ratio is larger than 5 %, not only the ductility of the steel sheet is lowered 
but also the variation in the yield point noted above increases, thereby causing various problems. For example, if so, 
when the steel sheet is formed into drums, the spring back amount of the steel sheet (this indicates the degree of 
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Annealing step for cold-rolled steel sheet: 

[0067] The annealing is effected at a temperature not lower than the recrystallization temperature of the steel sheet. 
If the cold-rolled steel sheet is annealed at a temperature lower than the recrystallization temperature of the sheet the 

5 metallographic structure of the annealed sheet will be a non-recrystallized or partially-recrystallized one. The sheet 
having such a non-recrystallized or partially-recrystallized structure has poor ductility though its strength is high. As a 
result the sheet is often softened to a great extent at high temperatures, and, in addition, its quality is uneven in the 
rolling direction and also in the transverse direction. After all, the sheet is difficult to shape. For these reasons, in the 
invention, the annealing temperature at which the cold-rolled sheet is annealed is defined to be not »ower than the 

10 recrystallization temperature of the sheet For the sheet so-called continuous annealing is employed. 

[0068] The heat cycle for the annealing may be any simple heating-cooling cycle. After having been annealed, the 
sheet may be subjected to so-called overaging, for which the annealed sheet is gradually cooled or soaked for a while 
at a temperature falling between 400 and 450°C. Through the overaging, the quality of the sheet does not change so 
much though the aging ability of the sheet will be lowered in some degree. Therefore, the annealing cycle for the sheet 

is of the invention may ^ comprise overaging with no problem. 

[0069] After having been thus annealed, the cold-rolled steel sheet may be directly used for forming drums. However, 
in the invention, the anheialed sheet may be optionally temper-rolled or surface-treated to further improve its quality. The 
temper-rolling step and the surfecertreating step may be the same as those for the hot-rolled sheet mentioned herein- 
above, and the description of the steps is omitted herein. 

so [0070] The cold-rolled sheet of the invention as obtained through the above-mentioned cold-rolling and annealing 
steps according to the first technical idea also has a solute N content of not smaller than 0.001 0 % by weight and a high 
degree of elongation of not smaller than 35 % like the above-mentioned hot-rolled steel sheet. Accordingly, drums made 
of the cold-rolled steel sheet are, after having been painted and baked, to have high room-temperature strength and 
high high-temperature strength as a result of the baking hardening treatment For this, the solute N content of the sheet 

25 is controlled depending on the combination of the total N content of the steel melt to be the sheet, the hot-rolling and 
cold-rolling conditions for the steel slab and the annealing conditions for the rolled sheet. 

[0071] The cold-rolled steel sheet has an aging index of at least 5 kgf/mm 2 . The value of the aging index and the 
method for controlling it are the same as those mentioned hereinabove for the hot-rolled steel sheet, and the description 
of them is omitted herein. 

30 [0072] On the other hand, the cold-rolled steel sheet of the invention based on the second technical idea also has a 
fine and uniform metallographic structure having a mean grain size of not larger than 7 *im and has a high degree of 
elongation of at least 35 %, like the hot-roiled sheet based on the same. Therefore, the drums made of the cold-rolled 
steel sheet also have high room-temperature strength and high high-temperature strength, fike those made of the hot- 
rolled steel sheet. 

35 [0073] Next, the drum of the invention is further described hereinunder For the drum composed of a body plate, a top 
board and a base board, any of the above-mentioned, mill scale-coated 'iot-rolled steel sheet, mill scale-free hot-rolled 
steel sheet or cold-rolled steel sheet is used. Accordingly, the drum of the invention is thin and lightweight and its qual- 
ity is comparable to or better than the quality of any conventional drums. In this case, the steel sheet of the invention is 
used for all the body plate, the top board and the base board of the drum. However, it may be used for any of these, and 

40 the drum of which any of the body plate, the top board and the base board is made of the steel sheet of the invention 
is within the scope of the invention. This is because drums have many applications, and it is unnecessary that all steel 
sheets of drums are to have any excessive characteristics. Where the steel sheet of the invention is positioned in the 
necessary sites of drums, the drums may be well lightweight and the production costs for them may be reduced. 
Regarding the drum-forming technique including forming, working, welding and surface-treating operations, any con- 

45 ventional ones are employable herein. 

(Examples) 

[0074] First, Examples of the steel sheet of the invention based on the first technical idea are described below. 

so 

(Example 1) 

[0075] Steel melts having the chemical composition shown in Table 1 were prepared in a converter, and these were 
cast in a continuous casting manner to produce a large number of steel slabs having a thickness of 260 mm. The steel 
55 slabs were hot-rolled. 0.5 to 1 .5 seconds after the finish of the rolling, the rolled sheets were cooled with water, or with- 
out being cooled with water, they were coiled. Thus were produced hot-rolled steel sheets having a thickness of 1 .22 
mm. Next, the hot-rolled steel sheets were temper-rolled. The final hot-rolled steel sheets thus produced had a thick- 
ness of 1 .20 mm. The hot-rolling condition and the coiling temperature are shown in Table 2. Steel D in Table 1 corre- 
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[0077] From Table 2, it is known tart the hot-rolled stwd «. 
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strength at 600°C both increased without their ductility decreasing. In addition, these hot-rolled steel sheets have an 
aging index of higher than 5 kgt/mm 2 , and their aging ability is higher than that of the conventional sample (No. 1-5). 
[0078] Next, these hot-rolled steel sheets were formed into top boards and base boards for drums through pressing, 
which were lids and bottoms of drums. A body plate of each sheet was formed into cylindrical bodies through bending, 

5 and the both ends were welded together through seaming to produce bodies of drums. The top board and the base 
board were bonded to the both ends of the body through "seaming". Thus were produced closed-type, 200-liter drums. 
The outer surface of each drum was painted with an epoxy -based paint and the inner surface thereof was not proc- 
essed, or that it, it was left to have mill scale formed thereon. The coated paint was baked at 1 70°C, 
[0079] While being formed into the drums, the hot-rolled steel sheets were checked for their bending workability and 

10 weldability, on the basis of which the sheets were qualitatively evaluated for their drum-torrability. The drums thus 
formed were filled with water, and dropped down from a height of 1 .2 meters, whereupon the drums were observed as 
to whether or not they leaked water and how much they were deformed (drop test). In the drop test, the degree of defor- 
mation was represented by a relative value based on the degree of deformation of the sample of Steel D (No. 1-5) of 
being 1 .00. On the other hand, each sheet was formed into so-called open-type drums, which were subjected to a recy- 

15 cle test Precisely, each open-type drum was repeatedly exposed to a simulated cycle of "high-temperature heating (for 
incinerating the remaining contents) shot-Wasting cooling". In the cycle, steel shot (steel balls) were used for the 
shot-blasting, and the blasting condition was the same for all drums. After each cycle, the degree of deformation of each 
drum was measured, and the number of cycles repeated for each drum was counted before the drum was judged no 
more usable from the measured degree of deformation, and this indicates the number of recycled times before useless- 

so ness. The data of the drums thus measured in those tests are all shown in Table 2, in the column of mechanical char- 
acteristics of drum. 

[0080] From Table 2, it is known that the hot-rolled steel sheets of the invention all have good drum-formability, and 
the drums of the sheets did not leak water in the drop test In addition, it is also known therefrom that in the drop test, 
th6 degree of deformation of the drums of the invention was lower than that of the conventional drum; and this means 

25 that the mechanical strength of the drums of the invention is high. It is further known that in the recycle test, the recy- 
cled times before uselessness of the drums of the invention are larger than those of the conventional drum. 
[0081 ] Moreover, the hot-rolled steel sheets of the invention well hardened in spontaneous aging at room temperature 
for about 1 day, even when they were not subjected to artificial, accelerated aging treatment, for example, to aging by 
post-baking. In addition, even when the condition for the "post-baking after painted" as applied to the drums of the steel 

30 sheets of the invention was varied delicately, the steel sheets were not sensitive to the variation, and the drums had sta- 
ble mechanical strength. Specifically, when the drums were kept at a temperature of about 100°C or more for only 10 
minutes or so. their mechanical strength was comparable to or higher than that of conventional drums. At present from 
the viewpoint of energy-saving in the art, lowered baking temperatures are desired. The drums of the hot-rolled steel 
sheets of the invention shall have satisfactorily high mechanical strength even when they are baked at such low tem- 

35 peratures. 

(Example 2) 

[0082] A large number of steel slabs were prepared, which had a basic chemical composition of 0.041 wt.% C - 0.005 
40 wt.% Si - 0.1 5 wt.% Mn - 0.009 wt.% P - 0.005 wt.% S - 0.039 wt.% Al and of which the N content was varied within the 
range of from 0.0020 to 0.0142 % by weight as in Table 3. These steel slabs were hot-rolled, then cooled with water and 
coiled. The rolling condition and the coiling temperature are shown in Table 3. 

[0083] The reheating condition for the steel slabs to be hot-rolled and the finishing delivery temperature of the hot- 
rolled steel sheets were varied so as to vary the solute N content of the hot-rolled steel sheets. All these hot-rolled steel 
45 sheets were temper-rolled, and finally they had a thickness of 0.8 mm These hot-rolled steel sheets were formed into 
closed-type, 200-liter drums in the same manner as in Example 1 . The outer surface of each drum was coated with a 
melamine-based resin. After having been coated, the drums were baked at 200°C. The inner surface of each drum was 
not processed, or that it it was left to have mill scale formed thereon. 

[0084] At room temperature (25°C) or at 300°C, an external concentrated load was applied to each drum to make it 
50 have compression stress in its circumferential direction, whereupon the degree of deformation of each drum was meas- 
ured. The data obtained are all shown in Table 3. 
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tion, the inner pressure of each drum was increased by applying a water pressure to the drum inside, and the degree 
of deformation of the drums was measured. In this test, it was confirmed that the degree of deformation of the drums 
of the invention was smaller than that of the conventional drums in some degree, though the difference in the deforma- 
tion degree in this test was not so clear as in the previous test in which the external compression stress load was 
5 applied to the drums outside. The data in these tests mean that the drums of the steel sheets of the invention have high 
mechanical strength against both inner pressure and external pressure. 

(Example 3) 

w [0086] Steel melts having the chemical composition shown in Table 4 were cast in the same manner as above to pro- 
duce a large number of steel slabs having a thickness of 200 mm. The steel slabs were hot-rolled. 0.5 to 1 .5 seconds 
after the finish rolling, the rolled sheets were cooled with water, and then coiled. Thus were produced hot-rolled steel 
sheets having a thickness of 1 .22 mm. Next the hot-roDed steel sheiets were washed with acid, and then temper-rolled. 
The final hot-rolled steel sheets thus produced had a thickness of 1 .2 mm, and they had no mill scale on their surface. 

is The rolling condition and the coiling temperature are shown Hi Table 5. , 

[0087] The tensile characteristics and the aging index of each hot-rolled sheet were measured in the same manner 
as in Example 1 . The data thus measured are all shown in Table 5. 
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[0088] These steel sheets (Nos. 3-1 and 3-2) have a degree of elongation of higher than 35 %, and their tensile 
strength at room temperature (25°C) and even high-temperature strength at 450°C both increased without their ductility 
decreasing. In addition, it is known that these steel sheets have an aging index of higher than 5 kgf/mm 2 , and their aging 
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(Example 4) 

were annealed in a confirm** mlta £££ J? C0,d " ro " 6d 6,661 8,16816 a thicWcT? ^ th 
roDing conditions, the coiling^^^"*' ^'^^lled. The final sheets had a ttS^L ^ iT" ^ 
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tion have an aging index of higher than 5 kgf/mm 2 , and their aging ability is higher than that of the conventional sample 
(Code M). The comparative samples (Codes N to P), of which the chemical composition is outside the scope of the 
invention, have a low degree of elongation, and their ductility is poor. 

[0094] Next, these steel sheets were formed into closed-type, 200-liter drums. The drums were painted with a mela- 
5 mine-based paint on their outer surface, and their inner surface was chemically processed with zinc phosphate. The 
thus-painted drums were "post-baked at 180°C". While being formed into the drums, the steel sheets were checked for 
their workability and weldability, on the basis of which the sheets were qualitatively evaluated for their drum-formability. 
[0095] In addition, the drums were subjected to the "drop test* and the "recycle test" as in Example 1 . 
[0096] The data in those tests are all shown in Table 8 in the column of mechanical characteristics of drum. 
to [0097] As in Table 8, it is obvious that the steel sheets of the invention all have good drum-formability, and the drums 
of the sheets did not leak water in the drop test In addition, it is also obvious that in the drop test, the degree of defor- 
mation of the drums of the invention was lower than that of the conventional drum, and this means that the mechanical 
strength of the drums of the invention is high. In the recycle test in which open-type drums that had been produced in 
the same manner as above were tested, the recycled times before uselessness of the drums of the invention are larger 
15 than those of the conventional drum. This further supports the surely increased mechanical strength of the drums of the 
invention. 

[0098] Next, the drums were, without being baked, directly subjected to the "drop test"; or, after having been baked, 
they were subjected to the "drop test". The degree of deformation of the baked drums was compared with that of the 
non-baked ones. As a result, the decrease in the degree of deformation of the conventional, baked drum was at most 
20 3 % or so, but the decrease in the degree of deformation of the baked drums of the invention was about 20 % or so. 
Thus, the deformation resistance of the baked drums of the invention significantly increased in the drop test This 
means that the steel sheets of the invention have excellent bake-hardening ability, and the mechanical strength of the 
drums of the invention is greatly increased due to the bake-hardening ability of the sheets. 

[0099] Moreover, the steel sheets of the invention well hardened in spontaneous aging at room temperature for about 
25 1 day. even when they were not subjected to the above-mentioned "accelerated aging treatment" after having been 
formed into drums. It was confirmed that the increase in the strength of the spontaneously-aged sheets of the invention 
was at least 80 % of the increase in the strength of the sheets that had been completely aged through post-baking. In 
addition, the steel sheets are not so much sensitive to the delicate variation in the condition for "post-baking", and the 
drums of the steel sheets all the time have stable mechanical strength. 
30 [0100] Furthermore, when the drums of the steel sheets of the invention are heated at about 100°C or higher for a 
few minutes, the strength of the drums con be at least 95 % of the strength of compietely-aged drums (concretely, aged 
at 210°C for 20 minutes). Even if the heating temperature is elevated further more, the change in the strength is small. 
Accordingly, it is understood that when the drums of the steel sheets of the invention are heated at 100°C or higher for 
post-baking (though the temperature will be unsatisfactory for post-baking), they well ensure the intended high mechan- 
35 ical strength. Even though the temperature in the production process for the drums of the invention varies, the drums 
produced stably ensure the high mechanical strength. 

[0101] However, the drums of conventional steel sheets could not satisfactorily ensure high mechanical strength, 
when baked at such a low temperature for such a short period of time. It appears that the conventional drums indispen- 
sably require baking at 170°C +/- 10°C for 20 minutes. 
40 [01 02] The drums of the steel sheets of the invention were filled with oil, and subjected to a drop test at a low temper- . 
ature of -40°C (hereinafter, low-temperature drop test). In the test the drums gave the same results as those in the 
room-temperature drop test. 

(Example 5) 

45 

[0103] In the same wanner as previously, a large number of steel slabs were prepared, which had a basic chemical 
composition of 0.035 wt% C - 0.01 wt% Si - 0.35 wt.% Mn - 0.0Q8 wt.% P - 0.005 wt% S - 0.035 wt% Al and of which 
the N content was varied within the range of from 0.0020 to 0.0150 % by weight as in Table 9. These steel slabs were 
hot-rolled, then cooled with water and coiled to give hot-rolled steel sheets. In this process, the reheating condition, the 
so hot-rolling condition and the finish-rolling condition were varied so as to vary the solute N content of the final products, 
cold-roiled steel sheets. Next, these hot-rolled steel sheets were washed with acid, then cold-rolled, annealed in a con- 
tinuous annealing manner (the soaking time was 40 seconds and kept constant), and temper-rolled in that order. The 
thickness of the final sheets was 1.0 mm. The rolling conditions, the coiling temperature and the annealing condition 
are shown in Table 9. 

55 [0104] These cold-rolled steel sheets were formed into closed-type, 200-liter drums in the same manner as above. 
The outer surface of each drum was painted with a melamine paint, and the inner surface thereof was chemically proc- 
essed with zinc phosphate. After having been painted, the drums were baked at 150°C. 

[0105] At room temperature (25°C) or at 300°C, an external concentrated load was applied to each drum to make it 
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6 iest results are all shown in Table 9. 
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[0107] From Table 9, It is known that the degree of deformation of the drums of the steel sheets of the invention (Nos. 
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(Example 6) 

n^rosoope observation. Based on the picture X raSJiJ "** throu9h ^cal or electronfc 
tested, and the machine direction of each test Die™ «*« , Na 5 88 P re Pared from a steel sheet to be 
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KS" 1 1 ' "°" indicates ^ the sam* ^n££E 88 to or not Hw» 

W115] The test data are all shown in TableTT ' and ^ ,nd,cates sample was broken ) 



55 



Table 10 




Sample o f the Invention 
Sample of the Invention 



26 



EP 0 943 696 At 

Table 10 (continued) 
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[01 1 6] The data In Table 1 1 indicate that the cold-rolled steel sheets of the invention (Nos. 6-1 to 6-4) have a mean 
grain size of smaller than 7 \im and have a degree of elongation of 41 % or higher, and their tensile strength at room 
temperature (25°C) and even high-temperature strength at 600°C both increased without their ductility decreasing, as 
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invention have high mechanical strength. Like in Example 6. the drums were subjected to the "low-temperature drop 
test", in which the drums of the invention did not leak liquid. In addition, the inner pressure of each drum was increased, 
and the degree of deformation of the drums was measured. In this test, it was confirmed that the degree of deformation 
of the drums of the invention was smaDer than that of the comparative drum in some degree, though the difference in 
s the deformation degree in this test was not so clear as in the previous test in which the external compression stress load 
was applied to the drums outside. 

(Example 8) 

w [01 25] In the same manner as above, a large number of steel slabs were prepared from steel melts having the chem- 
ical composition shown in Table 13. These steel slabs were hot-rolled, cooled with water, or without being cooled, and 
coiled, The resulting hot-rolled steel sheets had a thickness falling between 2.9 and'3.4 mm. These hot-rolled steel 
sheets were washed with acid, and then cold-rolled. The resulting cold-rolled steel sheets were annealed in a continu- 
ous annealing manner, and then temper-rolled. Finally, the cold-rolled steel sheets had a thickness of 1.0 mm. In the 

75 continuous annealing, the sheets were not overaged. The rolling conditions, the coiling temperature, the annealing con- 
dition and the temper-rolling condition are shown in Table 1 4. 

[0126] The cold-rolled steel sheets were formed into body plates and top boards for drums. The body plates were 
formed into cylindrical bodies through bending, and the both ends were welded through seaming. In order to optimize 
the seam-welding condition for the drum bodies, the primary current for welding was varied on the basis of the standard 

20 welding condition for conventional low-carbon aluminium-killed steel sheets (thickness: 1.0 mm). Precisely, for the 
standard welding condition, the primary current for welding is 220 A, the welding speed is 1 5 m/min, the electrode pres- 
sure to be controlled by the cylinder pressure is 530 kgf (this corresponds to the cylinder pressure of 3.0 kgf/cm 2 ). Next, 
according to an ordinary drum-forming process, the ends of the drum bodes were worked to form flanges or rings 
therearound through flange-shaping or expand-shaping, whereupon the body plates were checked for cracks or other 

25 defects, if any. In that manner, the suitable welding current range was determined. For seam-welding the drum bodies, 
a welding current falling within the thus-determined suitable range was applied to them. The closed-type drums thus 
produced herein had a capacity of 200 liters, for which both the top board and the base board were double-seamed. 
The drums were subjected to a body compression test (in which static compression was applied to each drum in the 
axial direction), and the static collapse strength of each drum was measured. 

so [0127] The data obtained are all shown in Table 14 along with the mean grain size of the grains in each steel sheet 
and other mechanical characteristics of the sheets and the drums. 
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[0128] From Table 14, it is known that the steel sheets of the invention (Nos. 8-1 to 8-3) are weldable within the same 
current range as that within which the conventional steel sheet is weldable, though having higher mechanical strength 
than the conventional one, and that the drum-formability of the steel sheets of the invention Is all good. In addition, it is 
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1 tha * * e drums of Ihe cokJ-rotea^e^sTeS *" ^ SheetS *«* According? 
withouttheir weldabifty decreasing. ^ Sheets * ■» ,nventon have increased mechanical strong** 

(Example 9) 

SeE^^t^^ 
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rolled, and finally had a thickness of 1 20 n^^JZJ^*" 9 ^ onai ^ **** with acid and JZZ 
£130] The mean grain size of the Jm£SSSSS!SS^ * e in "ab.lT 

strength at room tenperatiire (25<C) and lfi£S 2 23 ateo *» tensile characteristics (tensile 
«cs of the sheets were measured. ^ C) ' b<n * ,B ^eristics and the repeated bendingSSJ 

sheet (^6-5) in Tabteltin^ 
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[0133] The steel sheets of the invention (Nos 9-1 to a*i h=v . 

degree of elongation of 38 % or higher. In atStion LttLS? V"? 9rai " Si2e 01 sma,,6r «™ 10 m and have a 
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steel sheet (No. 6-5). Moreover, the steel sheets of the invention had good bending characteristics. 
[0134] Next these steel sheets were formed into closed-type, 200-liter drums in the same manner as above. The 
drums were painted with an epoxy-based paint on their outer surface, and their inner surface was chemically processed 
with zinc phosphate. While being formed into the drums, the steel sheets were checked fa their bending workability, 

5 shape freezability and weldability, on the basis of which the sheets were qualitatively evaluated for their drum-formabil- 
ity. In order to check the drums for themmechanical strength characteristics, the empty drums were compressed in the 
axial direction and in the circumferential direction. In this test, the load as' applied to each empty drum until the drum 
macroscopically buckled up under compression was measured, and the thus measured load indicates the buckling load 
to the drum. In addition, the drums were subjected to the "low-temperature drop test". 

io [01 35] The test data are all shown in Table. 1 6 in the column of mechanical characteristics of drum. 

[0136] From Table 16, it is obvious that the steel sheets of the invention ail have good drum-formabiiity, and the buck- 
ling load to them as tested in the strength characteristic test is higher than that to the conventional steel sheet In addi- 
tion, it is also obvious that, in the low-temperature drop test for the drums, the degree of deformation of the drums of 
the invention was lower than that of the conventional drum: Moreover, It is further obvious that, in the low-temperature 

15 drop test, the drums of the invention did not leak liquid, and they ensured safe storage of the contents therein. This indi- 
cates that the sheets of the invention aO the time ensure reliable seamabilrty. Specifically, the steel sheets of the inven- 
tion can be well seamed, irrespective of the seaming modes of double-seaming or triple-seaming and even under 
severe concfitions at low temperatures, and the seamed parts of the sheets are all the time reliable. 

20 (Example 10) 

[0137] In the same manner as above, a large number of steel slabs were prepared from steel melts having a compo- 
sition of 0.032 wt% C - 0.01 wt% Si - 0.15 wt% Mn - 0.003 wt.% P - 0.004 wt% S - 0.045 wt% Al - 0.017 wt.% Nb - 
0.0021 wt.% N with the balance of Fe and inevitable impurities. The steel slabs were hot-rolled, cooled with water, and 

25 coiled. The resulting hot-rolled steel sheets were washed with acid and then temper-rolled. Finally, the hot-rolled steel 
sheets had a thickness of 1 .2 mm. The rolling condition and the coiling temperature are shown in Table 1 7. 
[0138] Also in the same manner as above, the hot-rolled steel sheets were formed into closed-type, 200-liter drums, 
while they were checked for their drum-fbrmability. The outer surface of each drum was painted with an epoxy-based 
paint. At room temperature (1 5°C), an external concentrated load was applied to each drum to make it have compres- 

30 sion stress in its circumferential direction, whereupon the degree of deformation of each drum was measured. The data 
obtained are all shown in Table 17. 
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[01 39] From Table 1 7, it is known that the degree of deformation of the drums of the stee! sheets of the invention (Nos. 
10-1 to 10-7) that were loaded at room temperature or a high temperature is extremely low at both temperatures. Con- 
trary to this, the degree of deformation of the drum of the comparative steel sheet (No. 1 0-8) which was loaded is great. 
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■"fan*™ arum In some d»e^«£2^?™ ,,0 " °* ™mon w small* IS 

(Example 11) 

rolled steel sheets were washed with acid airt *«^nZ!»iK » cooled water, and coiled. The resultina hot 

balance of Fe and inevitable impurities (this is steel A9 in wl^S^? 0 045 wL% N " 0 0021 wt% N with the 

As a result, obtained were cold-rolled steel sheets aS Til ' of them were temper-rolled 

roiled to give a hot-rolled steel sheet haS. a S^L Z 9 *> e same of 1 .0 mm. A slab of steel ASwaTh^' 

having a thickness of 1.0 cSSl S^fL 9 "i"""*™ «*-ro«ed to give aXS^J^S; 

speed of 30°C/second. It was not substantially ove^e^-Si?™ 5Lf SSCOn * > and then «*>ted at a cooling 

seam,„a In order to opfimire the searr>weC<SSf^ ISSSjEj* ^ S* "* Were through 
body plates was determined in the same mamer asT E «n^ ft ^^^^^ing cunent range for^e 

were closed-type. 200-liter drums. The dru^Tr TJZEZSZ a k2 ^ ^^"ed current range f£med 
was applied to each drum in the axial direct) 2|^ S»? y compression ** (in which static coLSon 
obtained are all shown in Table 19 atono Sa^ln ^ahc collapse strength of each drum was measurorK^ 
characterise the sheets and lhedn^ 
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[0143] 



theSel she^^ uppermost and lowermost limits may vary) for 
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10 



weldability of the sheets of the invention are good. In addition, the static collapse strength of the drums of the invention 
is higher than that of the conventional drum, and this corresponds to the mechanical strength of the steel sheets for the 
drums. Specifically, it is obvious that the drums made of. the high-strength, hot-rolled steel sheets of the invention have 
increased mechanical strength without their' weldability decreasing. In particular, it has been confirmed that, even when 
the seamed part of the drums made of the steel sheets of the invention is forcedly deformed to the same degree as in 
the seamed part of the drum made of the conventional steel sheet, it satisfactorily ensures air-tightness against larger 
strain. The results are still the same even in severe conditions at low temperatures. / 

(Example 12) 



[0144] In the same manner as above, a large number 6f steel slabs were prepared from a steel melt having the chem- 
ical composition of Al shown in Table 15. these steel slabs were hot-rolled and coiled. The resulting hot-rolled steel 
sheets had a thickness of 1 .0 mm. These were not washed with acid, or that is, they had mill scale on their surface (they 
are mill scale-coated sheets.) The sheets were" formed 'into 200-liter drums in the same manner as abova The body 
is plates were welded through seaming, for which the welding current was lower than that for mill scale-free sheets. With- 
out being chemically processed, the drums were painted directly on the mill scale^cbated surface. The rolling condition 
and the coiling temperature are shown in Table 20. 

[0145J The drum-formability of the hot-rolled steel sheets produced herein is shown in Table 20 along with the hot- 
rolling condition for the sheets, the mean grain size of the grains in the sheets, the thickness of the mill scale coat (oxide 
20 layer) on the sheets, and the composition of the mill scale (in terms of the magnetite content). The magnetite content 
of the mill scale was measured through X-ray drffractometry. 
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[0146] As in Table 20, for the steel sheets of the Invention as coated with a thick oxide layer (mill scale) having a small 
magnetite content, the oxide layer often peeled while the sheets are formed into drums. However, it is obvious that, 
when the thickness of the oxide layer is reduced to 5 jim or lower, the layer peeling during drum formation is reduced to 



47 



EP0 943 696A1 



so 



25 



a negligible degree. On the other hand, when the steel =«. > ^ 

into drum bodies through sean^eWing^^ 

sheets having no mil, scale (oxide layer) HowevetS mfsSS SSSr ^ de9ree> 38 ""P™* *"h steel 
of not larger than 5 ^ the electmde abrasion ^ ^2^,?^ « dde ^ng a thickness 
nary cold-rolled steel sheets. In o.der to lower thTwd^^T^ f * rt neariy «>"Parable to that for orcfi- 
t^hefinishingde.iverytenperau.reinh^o^ 

before the start of cooling is at most 0.5 seconds or^o^^ho SSTI' 6 ^ aftfr ^ * finisn *«nQ and 
I0147J Asintheabove.drumscanbefoS^ 

smaller than 35 % and comprising fine g^Sno a^S^ 9 Q S hee,S ***** ^ * <* * 

of the mvention. The drum-formability of the sheS HS^SL ^"' tT*" 9 to second idea 
a.rea.evenathightan^^ 

INDUSTRIAL APPUCABIUTY 

the drum.formabi.ity of the sheets is co^Set^ "* ** * dZs. an5 

sheets of the invention for drums can be^u<i to^^^^ e ^ 0nal ** sheete - ^ «*ness of the 
•r* to the invention, me product costs for dh^ at^^ **" Shee * ««=ord- 

educed. and the reliability at the seamed parts of tfS dmr^S^ * ** dmms P roduced can be 

tages of the invention are significantly g^Cov^TfS^ ^ -leased. Thus, the industrial advan- 

Claims 

1. A steel sheet to be used as the material for drums whth * characterized by contain^: 

C of from 0.01 to 0. 1 0 % by weight, 

Si of from 0.01 to 0.20 % by weight, 

Mn of from 0.05 to 1 .0 % by weight 

P of at most 0.04 % by weight, 

S of at most 0.03 % by weight, 

Al of from 0.001 to 0.1 5 % by weight and 

N of from 0.0050 to 0.0200 % by weight, 

with the balance of Fe and inevitable impurities. 
3. ^««» t »,.«« 1 , M ,, n ^ ltlw<1(Iii>iiiij(i 

C of from 0.01 to 0. 1 0 % by weight, 
Si of from 0.01 to 0.20 % by weight 

Mn of from 0.05 to 1 .0 % by weight 
P of at most 0.04 % by weight, 
S of at most 0.03 % by weight.' 
AloffromO.001 to0.15%by weight and 
N of from 0.0050 to 0.0200 % by weight, 

with the balance of Fe and inevitable impurities, at a finichi™ a »• 

c^ng it * an accelerated coding manTw^ 2 ^T^S^ W ^ *» 
•t at a coding temperature of not higher than 680'C. * 6 hot - rDl,,n 9. thereafter coiling 
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6. The method for producing steel sheets for drums as claimed in claim 5, which further comprises washing the result- 
ing steel sheet with acid. 

7. The method for producing steel sheets for drums as claimed in claim 6, wherein the steel sheet having been 
5 washed with acid is cold-rolled, and thereafter annealed at a temperature not lower than the recrystallization tem- 
perature of the steel sheet 

8. The method for producing steel sheets for drums as claimed in any one of claims 5 to 7, which still further com- 
prises temper-rolling the steel sheet. 

10 

9. A steel sheet to be used as the material tor drums, which is characterized by containing: 

C of from 0.01 to 0.10 % by weight, 

Si of from 0.01 to 0.20 % by weight, 
15 Mn of from 0.05 to 1 .0 % by weight 

P of at most 0.04 % by weight 

S of at most 0.01 % by weight, 

Al of from 0.001 to 0.1 5 % by weight 

N of at most 0.0050 % by weight, and 
20 Nb of from 0.003 to 0.10% by weight, 

with the balance of Fe and inevitable impurities. 

10. The steel sheet for drums as claimed in daim 9, which additionally contains Ti of from 0.005 to 0.10 % by weight. 

25 

11. The steel sheet for drums as claimed in claim 9 or 10, wherein the grains in the ferrite phase appearing in the steel 
sheet have a mean grain size of not larger than 10 jim. 

12. The steel sheet for drums as claimed in any one of claims 9 to 1 1 . which is a mill scale-coated, hot-rolled steel 
30 sheet. 

13. The steel sheet for drums as claimed in claim 12, wherein the mill scale is a film having a magnetite content of at 
least 80 % by volume. 

35 14. The steel sheet for drums as claimed in claim 12 or 13, wherein the mill scale has a thickness of not large- than 5 
\im. 

15. The steel sheet for drums as claimed in any one of claims 9 to 1 1, which is a cold-rolled steel sheet 

40 1 6. A method for producing steel sheets for drums, which comprises hot-rolling a steel slab of a composition that con- 
tains: 

C of from 0.01 to 0.10 % by weight 

Si of from 0.01 to 0.20 % by weight, 
45 Mn of from 0.05 to 1 .0 % by weight 

P of at most 0.04 % by weight 

S of at most 0.01 % by weight 

Al of from 0.001 to 0.1 50 % by weight, 

N of at most 0.0050 % by weight, and 
so Nb of from 0.003 to 0. 1 0 % by weight, 

with the balance of Fe and inevitable impurities, at a finishing delivery temperature of not lower than 750°C, then 
cooling it in an accelerated cooling manner within 2 seconds after the finish of the hot-rolling, and thereafter coiling 
it at a coiling temperature of not higher than 700°C. 

55 

17. The method for producing steel sheets for drums as claimed in claim 16, which further comprises washing the 
resulting steel sheet with acid. 
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